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(54) Power inverting apparatus 

(57) The present invention provides a power invert- 
ing apparatus capable of coping with an abrupt change 
in phase of an input voltage within a certain range and 
continuously operating in a stable manner. 

According to the invention a power inverting appa- 
ratus comprises a carrier generator for generating first 
and second carriers that are mutually 180° out of phase; 
and a control means for controlling said converter 
means and said inverter means so as to control pulse 
width modulation of said converter according to a con- 
verter voltage command and a first carrier and to control 
pulse width modulation of said inverter according to an 
inverter voltage command signal and a second earner. 
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5 FIELD OF THE INVENTION: 

The present invention relates to a power inverting apparatus for changing ac voltage into dc voltage and back into 
ac voltage. 

w DESCRIPTION OF THE RELATED ART: 

To begin with, a basic configuration and operation of major circuits of a power inverting apparatus will be described 
in conjunction with the first prior art shown in Figs. 63 and 64. Fig. 63 is a block diagram showing a constant-volt- 
age/constant-frequency power supply disclosed in, for example, Japanese Patent Laid-Open No.2-231965. Fig. 64 is 
an explanatory diagram showing the operation of the power supply. In Fig. 63, A denotes a converter made by connect- 
ing diodes 1 and 2 serving as rectifying elements in series with each other. A dc output terminal of the converter A is 
connected to a smoothing capacitor 12. 

Reference alphabet B denotes a selector. C denotes an inverter. The selector B or inverter C consists of two switch- 
ing circuits 3 and 4 or 5 and 6. The switching circuit 3 is composed of a switching element 3t that is, for example, a tran- 
sistor or a field-effect transistor (hereinafter, FET) , and a flywheel diode 3d connected in parallel with but in the opposite 
direction of the switching element 3t. The same applies to the switching circuits 4, 5, and 6. 

The input and output terminals of the converter A, smoothing capacitor 1 2, selector B, and inverter C are connected 
in parallel with one another over connection lines 1 0 and 1 1 . 

Reference numeral 7 denotes an ac voltage source for supplying an input voltage Vs. One of the terminals of the 
ac voltage source 7 is connected to a middle point of the converter A via a connection line 8. The other terminal thereof 
is linked with the connection line 9. 14 denotes a loading circuit, one of whose terminals is connected to a middle point 
of the inverter circuit C; that is, one ac output terminal via the connection line 13. The other terminal of the loading circuit 
14 is connected to a middle point of the selector B; that is, the other ac output terminal via the connection line 9. 

Next, the operation of the foregoing conventional power supply will be described. Figs. 64a to 64e show various 
states of switching elements and current flows. First, when the converter operates, current flows as indicated in Fig. 64b 
within a range defined with a wave A of voltage shown in Fig. 64a or during a positive half cycle thereof. Within a range 
defined with a wave B of the voltage shown in Fig. 64a or during a negative half cycle thereof, current flows as indicated 
in Fig. 64d. Thus, the smoothing capacitor 1 2 is charged with the peak-to-peak value of the input voltage. A dc voltage 
V D shown in Fig. 65 is provided as a product of the square root of 2 multiplied by Vs. 
35 The inverter circuit C operates as described below. For outputting the positive voltage (range A) shown in Fig. 64a, 
the switching elements 4t and 5t shown in Fig. 63c are turned on. For outputting the negative voltage (range B) shown 
in Fig. 64a, the switching elements 3t and 6t are turned on. Thus, both the positive and negative voltages can be sup- 
plied. If pulse-width modulation (PWM) is controlled at either of the switching elements in each of Figs. 64c and 64e, 
voltage having a sine wave is made available. 

To provide the positive voltage within a hatched range in Fig. 65, the switching element 4t in the selector B must be 
conducting and the switching element 5t in the inverter C must control pulse-width modulation according to a sine-wave 
command. To provide the negative voltage within a hatched range in Fig. 65, the switching element 3t in the selector B 
must be conducting and the switching element 6t in the inverter C must control pulse-width modulation according to a 

sine-wave command. . 

Under the foregoing switching control, when an inverter output voltage V, NVi which is not shown, is passed through 
a filter circuit, a sine-wave voltage like a negative voltage V L shown in Fig. 65 is made available. Herein, the input volt- 
age Vs and output voltage V L may be different in waveform from each other but must be in phase with each other (their 
zero points must coincide with one another). 

Next, a constant-voltage/constant-frequency power supply of the second prior art will be described concerning 

so mainly a control relationship using Fig. 66. 

The second prior art adopts a converter D instead of the converter A in Fig. 63. 

The converter D is made by connecting switching circuits 1 and 2 in series with each other. The witching circuit 1 
or 2 consists of a switching element 1t or 2t that is a transistor or an FET, and a diode 1d or 2d. 

Reference numeral 15 denotes an ac reactor. One terminal of the ac reactor 15 is connected to a middle point of 
55 the converter D via a connection line 8, and the other terminal thereof is connected to the ac voltage source 7 via a con- 
nection line 16. . . 

Reference numeral 30 denotes a control circuit for controlling switching elements 1t to 6t included in the converter 
D selector B, and inverter C. 100 denotes a converter voltage command generator for actuating the converter with a 
high power factor. 101 denotes a earner generator. 102 denotes an inverter voltage command generator for use in 
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reshaping load voltage in the form of a sine wave. 1 03 denotes a comparator for comparing an output V CMD1 of the con- 
verter voltage command generator 100 with an output CAR of the carrier generator 101 . 104 denotes a comparator for 
comparing an output V CMD2 of the inverter voltage command generator i 02 with an output CAR of the carrier generator 
101 . 105 denotes a zero-crossing detector for detecting a zero crossing by analyzing an output of the inverter voltage 

5 command generator 1 02. 106 denotes a switching pattern generator for generating switching signals T n to T 6 using the 
outputs of the comparators 103 and 104 and the zero-crossing detector 105, Fig. 67 shows a circuitry of the switching 
pattern generator 1 06. 1 07 to 1 09 denote reversing circuits. 110, 11, 113, and 1 1 4 denote AND circuits. 1 1 2 and 1 1 5 
denote OR circuits. 1 1 6 and 1 1 7 denote reversing circuits. 

Other circuit elements except the foregoing ones are identical to those in the first prior art described previously 

io Next, the operation of the second conventional power supply will be described with reference to the timing chart of 
Fig. 68. The comparator 103 compares the converter voltage command V CMD1 provided by the converter voltage com- 
mand generator 100 with the carrier CAR provided by the carrier generator 101 . When the carrier CAR is smaller, the 
comparator 103 outputs a converter PWM signal Ta having a high logic level. Likewise, the comparator 104 compares 
the inverter voltage command V CMD2 provided by the inverter voltage command generator 102 with the carrier CAR, 

75 and then outputs an Inverter PWM signal Tb. When the inverter voltage command V CMD2 is positive, the zero-crossing 
detector 105 outputs a polarity signal Tc having a high logic level. 

In Fig. 67, the polarity signal Tc is used as a switching signal T4, and a signal that is the polarity signal Tc reversed 
in polarity by the reversing circuit 1 07 is used as a switching signal T3. The AND circuits 1 1 0 and 1 1 1 and the OR circuit 
1 12 constitute a selector. When the polarity signal Tc is high, the OR circuit 1 12 serving as the output terminal of the 

20 selector outputs the converter PWM signal Ta. When the polarity signal Tc is low, a signal that is the converter PWM 
signal Ta reversed polarity by the reversing circuit 108 is output. The output signal is used as a switching signal T1 , and 
a signal that is opposite in polarity to the switching signal T1 and provided by the reversing signal 1 16 is used as a 
switching signal T2. Likewise, the AND circuits 113 and 1 14 and the OR circuit 115 constitute a selector. When the 
polarity signal Tc is high, the OR circuit 115 serving as the output terminal of the selector outputs the Inverter PWM 

25 signal Tb. When the polarity signal Tc is low, the OR circuit 1 1 5 outputs a signal that is opposite in polarity to the inverter 
PWM signal Tb and provided by the reversing circuit 109. The output signal is used as a switching signal T5, and a sig- 
nal that is opposite in polarity to the switching signal T5 and provided by the reversing circuit 1 1 7 is used as a switching 
signal T6. 

When two circuits of the converter D and selector B are discussed together, it will be understood that the circuits 
30 acts as a typical converter for changing ac voltage supplied by the ac voltage source 7 into dc voltage to charge the 
smoothing capacitor 12. The switching pattern of the converter D is consistent with the waveform of the converter PWM 
, signal such as the one indicated as T1 or T2 in Fig. 68. 

Assuming that the converter voltage command is substantially in phase with the inverter voltage command, the 
switching pattern of the selector B becomes consistent with the waveform of the converter command V CMD1 . Conse- 
35 quently, the converter output voltage V CNV shown in Fig. 68 is provided. 

When two circuits of the inverter C and selector B are discussed together, it will be understood that the circuits act 
as a typical inverter for changing dc voltage existent at the smoothing capacitor 12 into ac voltage and then outputting 
the ac voltage. At this time, the switching pattern of the inverter C is consistent with the waveform of the Inverter PWM 
signal such as the one indicated as T5 or T6 in Fig. 68. The switching pattern of the selector B is consistent with the 
40 waveform of the polarity signal Tc for the inverter voltage command V CMD2 . Consequently, the inverter output voltage 
V| NV shown in Rg. 68 is provided. 

The conventional constant-voltage/constant-frequency power supplies are configured as mentioned above. That is 
to say, the selector B is shared between a converter and an inverter. The selector B can therefore operate only under 
the condition that both the converter D and inverter C operate with the same polarity. For supplying stable voltage to a 
45 load, since the switching pattern of the inverter C cannot be altered, the selector B cannot help adopting a switching 
pattern dedicated to an inverter. If input voltage is abruptly reversed in polarity, the converter D fails to operate correctly. 

For example, when an uninterruptible power supply (CVCF) is concerned, a generator may be included in an input 
system. In this case, an abrupt phase change may occur due to switching between the power supply and generator. 
When the inverter C outputs positive voltage, if the input voltage is reversed 180° to be negative, since the selector B 
so shown in Fig. 66 turns on the switching element 4t in order to provide inverter output voltage of positive polarity, the 
reactor 15 alone is connected from the ac voltage source 7 to the selector B via the switching element 4t and the diode 
2d of the switching circuit 2 in the converter D. If this state continues for more than several milliseconds, overcurrent 
flows internally. The switching element 4t is therefore turned off forcibly. A desired inverter voltage cannot be output. 

55 SUMMARY OF THE INVENTION 

An object of the present invention is to solve the aforesaid problems and to provide a power inverting apparatus 
capable of coping with an abrupt change in phase of input voltage within a certain range and of operating in a stable 
manner continuously. 
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According to the first aspect of the present invention, a power inverting apparatus comprises a converter means for + 
changing ac voltage supplied by an ac voltage source into dc voltage, an inverter means for changing dc voltage sup- 
plied by the converter means into ac voltage, and an input voltage control means that when the polarity of ac voltage 
supplied by the ac voltage source is inconsistent with the one of ac voltage supplied by the inverter means, cuts off ac 

s voltage to be supplied to the converter means. 

According to the second aspect of the present invention, a power inverting apparatus comprises a converter means 
for changing ac voltage supplied by an ac voltage source into dc voltage, an inverter means for changing dc voltage 
supplied by the converter means into ac voltage, an inverter voltage command generator for generating an inverter volt- 
age command, a carrier generator for generating first and second carriers that are 180° out of phase each other, and a 

10 control means for controlling the converter means and inverter means so as to control pulse-width modulation (PWM) 
of the converter means according to the converter voltage command and first carrier and to control pulse-width modu- 
lation of the inverter means according to the inverter voltage command and second carrier. 

According to the third aspect of the present invention, a power inverting apparatus comprises a converter including 
a first switch that is a pair of switching circuits connected in series with each other and having a middle point of the first 

75 switch connected to one terminal of an ac voltage source, a smoothing capacitor connected in parallel with the con- 
verter, a selector being connected in parallel with the converter, including a second switch that is a pair of switching cir- 
cuits connected in series with each other, and having a middle point of the second switch connected to the other 
terminal of the ac voltage source, an inverter being connected to the converter and including a third switch that is a pair 
of switching circuits connected in series with each other, a converter voltage command generator for generating a con- 

20 verter voltage command, an inverter voltage command generator for generating an inverter voltage command, and a 
switching control means for representing combinations of logical states of the first to third switches in the form of voltage 
vectors, converting the converter voltage command and inverter voltage command into voltage vector commands, cal- 
culating a required combination of logical states and a valid time interval of the combination according to the voltage 
vector commands, and generating switching signals for the switching circuits in the first to third switches. 

25 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a block diagram showing a power inverting apparatus of the first embodiment of the present invention; 

Fig. 2 shows waveforms representing the operation of the first embodiment; 
30 Fig. 3 is a block diagram showing a power inverting apparatus of the second embodiment; 

Figs. 4a and 4b are explanatory diagrams showing the operation of the second embodiment; 

Fig. 5 is a block diagram showing a power inverting apparatus of the third embodiment; 

Figs. 6a and 6b are explanatory diagrams showing the operation of the third embodiment; 

Figs. 7a and 7b are explanatory diagrams showing carriers applicable to the fourth embodiment and thereafter; 
35 Fig. 8 is a block diagram showing a power inverting apparatus of the fourth embodiment; 

Fig. 9 is a circuit diagram showing a switching pattern generator in the fourth embodiment; 

Fig. 10 shows waveforms representing the operation of the fourth embodiment; 

Fig. 1 1 is a circuit diagram showing a switching pattern generator in the fifth embodiment; 

Fig. 12 shows waveforms representing the operation of the fifth embodiment; 
40 Fig. 13 is a block diagram showing a power inverting apparatus of the sixth embodiment; 

Fig. 14 is a table showing a relationship between logical states and voltage vectors; 

Fig. 15 shows voltage vectors and operating domains; 

Fig. 1 6 is a table showing combinations of voltage vectors domain by domain; 

Figs. 1 7 to 1 9 are flowcharts showing the operation of the sixth embodiment; 
45 Fig. 20 is a flowchart showing the operation of the seventh embodiment; 

Fig. 21 shows a configuration of a power inverting apparatus of the eighth embodiment; 

Fig. 22 shows an error detector and gate circuits in the eighth embodiment; 

Fig. 23 shows waveforms representing the operation of the eighth embodiment; 

Fig. 24 shows a configuration of a power inverting apparatus of the ninth embodiment; 
so Fig. 25 shows an error detector in the ninth embodiment; 

Fig. 26 shows waveforms representing the operation of the ninth embodiment; 

Fig. 27 shows a current flow occurring with the gates in the eighth or ninth embodiment blocked; 

Figs. 28 and 29 show current flows occurring with the gates in the tenth embodiment blocked; 

Fig. 30 shows a configuration of a power inverting apparatus of the tenth embodiment; 
55 Fig. 31 shows gate circuits and a polarity detector in the tenth embodiment; 

Fig. 32 shows waveforms representing the operation of the tenth embodiment; 

Fig. 33 shows a configuration of a power inverting apparatus of the eleventh embodiment; 

Fig. 34 shows a polarity detector and an error detector in the eleventh embodiment; 

Fig. 35 shows waveforms representing the operation of the eleventh embodiment; 
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Fig. 36 shows a configuration of a power inverting apparatus of the twelfth embodiment; 
Fig. 37 shows an error detector in the twelfth embodiment; 
Fig. 38 shows waveforms representing the twelfth embodiment; 

Fig. 39 shows a configuration of a power inverting apparatus of the thirteenth embodiment; 
5 Fig. 40 shows a polarity detector, polarity reverse detector, and an error detector in the thirteenth embodiment; 

Fig. 41 shows waveforms representing the operation of the thirteenth embodiment; 

Fig. 42 shows a configuration of a power converting apparatus of the fourteenth embodiment; 

Fig. 43 shows an error detector and a voltage difference detector; 

Fig. 44 shows waveforms representing the operation of the fourteenth embodiment; 
70 Fig. 45 shows a configuration of a power inverting apparatus of the fifteenth embodiment; 

Fig. 46 shows an error detector in the fifteenth embodiment; 

Fig. 47 shows waveforms representing the operation of the fifteenth embodiment; 

Fig. 48 shows a configuration of a power inverting apparatus of the sixteenth embodiment; 

Fig. 49 shows an error detector in the sixteenth embodiment; 
is Fig. 50 shows waveforms representing the operation of the sixteenth embodiment; 

Fig. 51 shows a configuration of a power inverting apparatus of the seventeenth embodiment; 

Fig. 52 shows an error detector in the seventeenth embodiment; 

Fig. 53 shows waveforms representing the operation of the seventeenth embodiment; 

Fig. 54 shows a configuration of a power inverting apparatus of the eighteenth embodiment; 
20 Fig. 55 shows input current commands in the nineteenth embodiment; 

Fig. 56 shows a configuration of a power inverting apparatus of the twentieth and twenty-second embodiments; 

Fig. 57 shows a voltage difference error predictor detector in the twentieth embodiment; 

Fig. 58 shows a voltage difference error predictable and detectable range in the twentieth embodiment; 

Fig. 59 shows a configuration of a power inverting apparatus of the twenty-first embodiment; 
25 Fig. 60 shows a voltage difference error predictable and detectable range and the operating domains of an inverter 

and a converter in the twenty-first embodiment; 

Fig. 61 shows a configuration of a power inverting apparatus of the twenty-third embodiment; 
Fig. 62 shows a voltage difference error predictor detector in the twenty-third embodiment; 
Fig. 63 is a block diagram showing a power inverting circuit of the first prior art; 
30 Figs. 64a to 64e are explanatory diagrams showing the operation of the first prior art; 
Fig. 65 shows waveforms of input/output voltages in the first prior art; 
Fig. 66 is a block diagram of a power inverting apparatus of the second prior art; 
Fig. 67 is a circuit diagram showing a switching pattern generator in the second prior art; and 
Fig. 68 shows waveforms. representing the second prior art. 

35 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
First Embodiment 

40 The first embodiment of the present invention will be described in conjunction with the drawings. Figs. 1 and 2 show 
the first embodiment of the present invention. Fig. 1 shows the configuration. In Fig. 1,17 denotes an input voltage con- 
trol circuit serving as a bidirectional switching circuit made by connecting switching elements 1 7a and 1 7b for controlling 
unidirectional switching; such as, thyristors in parallel with each other but in the opposite directions. One terminal of the 
input voltage control circuit is connected to an ac voltage source 7 via a connection line 16, and the other terminal 

45 thereof is connected to a reactor 15 via a connection line 18. 1 to 16, and 30 denote the same circuit elements as those 
in a prior art, of which description will be omitted. 

Fig. 2 shows waveforms representing the operation of the input voltage control circuit 1 7. Vsa and Vsb denote 
waves of voltages supplied by the ac voltage source 7. As described later, the voltage Vsa indicated with a bold line 
fluctuates abruptly at a time instant t1 and assumes the waveform of the voltage Vsa indicated with another bold line. 

so A switching signal T1 7a is equivalent to the switching signal T4 serving as a polarity signal for an inverter output voltage 
V, NV . A switching signal T1 7b is equivalent to the switching signal T3. Vsc denotes an output voltage of the input voltage 
control circuit 17. 

Next, the operation of the input voltage control circuit 17 playing a pivotal role in the present invention will be 
described with reference to Fig. 2. Assume that the output voltage supplied by the ac voltage source 7 assumes the 
55 same waveform as the voltage Vsa until the time instant t1 and changes the waveform into that of the voltage Vsb 
instantaneously. At this time, the switching element 17a in the input voltage control circuit 17 is turned on with the 
switching signal T17a synchronous with the polarity signal for inverter output voltage and the switching element 17b 
therein is turned off with the switching signal T17b. The output voltage Vsc of the input voltage control circuit 17 
assumes the same waveform as the voltage Vsa until the time instant t1 . After the time instant t1 , when the voltage Vsb 
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the oulput voltage Vsb of the ac voltage source 7 at a slow ^ce acceptet * P _ 

age Vs supplied by the ac voltage source 7. 



Second Embodiment 
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25 
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e ' em Rgs 4a ^Te'^Satory diagrams for the second embodiment, showing the operation • P^rm^ *• 

rent flowing through the '>° nM J^^^^^^^M^ current flows into the loading circuit 14 
are phased positively. The switch.ng ele ^1**™*** 6 ™' T?aZ^*E Immediately after the converter 

dc voltage can be controlled to be any value starting with zero. 



35 Third Embodiment 



40 



45 



50 



55 



The operation will be described in conjunction with Figs. 6a and 6D. ng. t>a snows w * hased oositively 

5 E S S SSiSSJvotao. of the ac voHage source 7 f .actuates, a short circuit 
energy of a motor or the like, dc voltage can be held constant. 
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Fourth Embodiment 

The aforesaid embodiments 1 to 3 utilize the actions and characteristics of switching elements in order to prevent 
abrupt reverse in polarity of input voltage, thus solving problems caused by the abrupt change in phase of voltage sup- 
5 plied by the ac voltage source 7. 

By comparison, a power inverting apparatus of the fourth embodiment to be described below adopts a technology 
enabling independent control of a converter and inverter within a certain range of voltage values in order to solve the 
aforesaid problems. 

Specifically, in a single-phase high power-factor converter or single-phase inverter which is a typical full bridge cir- 
w cuit, one arm controls pulse-width modulation and the other arm performs switching by synchronizing in polarity with 
intended output voltage. In an ac-dc-ac power inverting apparatus, when the output voltages of a converter and an 
inverter are mutually consistent in frequency and phase, switching elements synchronous with the output voltages of 
the converter and inverter operate exactly the same. The converter and inverter can therefore be united as convention- 
ally. This idea would work supposing the output voltages of the converter and inverter were mutually consistent in fre- 
15 quency and phase. When they are inconsistent, the conventional circuits described in this specification do not operate. 
The present inventor has noted that the aforesaid restriction is attributable to the fact that pulse-width modulation 
performed in the converter and inverter is controlled on the basis of a single carrier. The inventor has discussed a tech- 
nology for controlling pulse-width modulation independently between the converter and inverter using different carriers 
that are 180° out of phase. Prior to practical embodiments, the carriers will be described in conjunction with Figs. 7a 
20 and 7b. 

Fig. 7a shows a single carrier. When pulse-width modulation is controlled using a triangle wave as shown in Fig. 
7a, a pulsed signal resulting from comparison between the carrier and a voltage command fluctuates at every center 
point P of a pulse duration. When pulse-width modulation applied to two voltage command signals is controlled using a 
common carrier, the pulse durations of the two pulsed signals share the same period. With this in mind, pulse-width 

25 modulation using two carriers that have a phase difference between them will be described in conjunction with Fig. 7b. 
When two carriers are out of phase by a duration W, the center points P A and P B of the pulse durations of the two 
carriers A and B are mutually inconsistent by the duration W. Two pulsed signals resulting from pulse-width modulation 
travel without joining their pulses for a period (W/2) x 2 = W. This means that the pulse duration W attributable to the 
phase difference between the carriers is proportional to a period during which the two pulsed signals do not join. For 

30 maximizing the latter (the period during which the two pulsed signals do not join), the phase difference between the car- 
riers should be set to a maximum; that is, 180°. 

Next, the fourth embodiment of the present invention will be described in conjunction with the drawings. In Fig. 8, 
main circuits 1 to 16 have the same circuit elements as those in prior arts. 30 denotes a control circuit having circuit 
elements described below. 118 denotes a carrier generator for generating carriers CAR1 and CAR2 having triangle 

35 waves and being 1 80° out of phase, and a carrier state signal Ti that is reversed in polarity every time the carriers CAR1 
and CAR2 have a crossing. 119 denotes a zero-crossing detector for detecting a zero crossing by analyzing an output 
of the converter voltage command signal generator 100. 120 denotes a switching pattern generator for generating 
switching signals T1 to T6 using outputs of the comparators 103 and 104 and the zero-crossing detectors 105 and 109. 
100 and 102 to 105 denote the same circuit elements as those in prior arts. 

40 Fig. 9 shows a circuitry of the switching pattern generator 120. 121 , 122, and 124 denote exclusive-OR circuits. 123 
and 129 to 134 denote AND circuits. 1 25 and 135 to 137 denote OR circuits. 126 to 128 and 138 to 140 denote revers- 
ing circuits. The AND circuit 123, exclusive-OR circuit 124, and OR circuit 125 constitute a counter-inconsistent polarity 
signal generator P. The reversing circuit 1 26, AND circuits 1 29 and 1 30, and OR circuit 1 35 constitute a first selector Q. 
The reversing circuit 127, AND circuits 131 and 132, and OR circuit 136 constitute a second selector R. The reversing 

45 circuit 128, AND circuits 133 and 134, and OR circuit 137 constitute a third selector S. 

Referring to Fig. 10, the operation will be described. The comparator 103 compares the converter voltage com- 
mand V CMD1 with the carrier CAR1 , and outputs a Converter Compared signal Tf. The comparator 104 compares the 
inverter voltage command V CMD2 with the carrier CAR2 that is 180° out of phase with the carrier CAR1 , and outputs an 
Inverter Compared signal Tg. In addition, the comparator 104 outputs the carrier state signal Ti that is reversed in polar- 

50 ity every time the carrier has a zero crossing. The signal Ti allows the converter D and inverter C to operate independ- 
ently only when their PWM signals do not temporally join. The signal Ti is high when the converter can operate freely. 

The switching pattern generator 120 inputs the Converter Compared signal Tf, converter polarity signal Te, carrier 
state signal Ti, Inverter Compared signal Tg, and inverter polarity signal Th. The exclusive-OR circuit 121 computes the 
signals Tf and Te and outputs a converter PWM signal Tj. The AND circuit 1 23 calculates the AND of the signals Tj and 

55 Ti. and outputs a Converter Operable signal T1 indicating that the converter can operate freely. The exclusive-OR circuit 
124 inputs the signals Te and Th, and outputs a Polarity Inconsistent signal Tm. The Polarity Inconsistent signal Tm is 
high when the signals Te and Th are mutually inconsistent in polarity, but low when the signals Te and Th are mutually 
consistent in polarity. These signals Te and Th are fed to the selector Q. When the signals Te and Th are mutually con- 
sistent in polarity (the signal Tm is low), the signal Tj is selected. When the signals Te and Th are mutually inconsistent 
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in polarity (the signal Tm is high), the signal T1 is selected. The selected signal is supplied as a switching signal T1 to 
the switching circuit 1 . 

The signals Ti and Th are fed to the selector R. When the signals Ti and Th are mutually inconsistent in polarity 
(the signal Tm is high), the signal Ti is selected. When the signals Ti and Th are mutually consistent in polarity (the sig- 
5 nal Tm is low), the signal Th is selected. The selected signal is supplied as a switching signal T3 to the switching circuit 

3. 

The exclusive-OR circuit 122 computes the signals Th and Tg, and outputs an inverter PWM signal Tk having infor- 
mation concerning the polarity of output voltage of the inverter. The OR circuit 125 calculates the OR of the signals Tk 
and Ti, and outputs an Inverter Operable signal Tn indicating that the inverter can operate freely. These signals Tkand 
10 Ti are fed to the selector S. When the signals Tk and Ti are mutually consistent in polarity (the signal Tm is low), the 
signal Tk is selected. When the signals Tk and Ti are mutually inconsistent in polarity (the signal Tm is low), the signal 
Tn is selected. The selected signal is ihen suppiied as a switching signal T5 to the swiiching circuit 5. The switching 
signals T2, T4, and T6 are opposite in polarity to the switching signals T1, T3, and T5, and supplied to the switching 
circuits 2, 4, and 6. These switching signals are used to produce the converter output voltage V CNV and inverter output 
15 voltage V )NV shown in the lower part of Fig. 10. 

As described above, two carrier signals are dephased by 180°. This allows the converter and inverter to operate 
independently. The independence is determined by a period during which two PWM signals do not temporally join. Now, 
the limit of a phase difference between outputs of the inverter and converter will be discussed. 

Assuming that the wave height of converter output voltage is V c , the wave height of inverter output voltage is V|, 
20 and the dc voltage at the capacitor 2 is V D , a conditional expression (1) below is established. 

V c • sine -V, • sin(6 - a) =g V D (1) 

where, a denotes a phase difference between the converter and inverter. A relationship of 0 s 6 s a is established. 
25 When the left side of the expression (1) becomes maximum, 0 is equal to a/2. By assigning 0 = a/2 to the expression 
(1), an expression (2) is obtained: 

(Vc + V,) - sin(a/2)^V D (2) 
30 When the expression (2) is modified with respect to the limit phase difference a, an expression (3) is obtained: 

a = 2 • sin-^V^Vc+V,)} (3) 
Conclusively, the converter and inverter can operate mutually independently within the phase difference a. 

35 

Fifth Embodiment 

In the foregoing fourth embodiment, when the output voltages of a converter and an inverter are mutually inconsist- 
ent in polarity, the switching patterns of their switching elements are changed. As a result, the frequencies of the outputs 

40 of the switching elements increase multiplicatively temporarily. This results in increased power dissipation. Assuming 
that the values V D , V c , and V| are equal to one another, a converter and an inverter can be designed to operate normally 
until a phase difference between their outputs becomes a maximum of 60° calculated using the expression (3). In this 
case, since the converter operates with a high power factor, the frequencies of outputs of switching elements in the con- 
verter increase when the phase difference between the outputs of the inverter and converter is within a range of ± 30° 

45 relative to zero current. This results in a small current value. An increase in frequency therefore hardly affects the power 
dissipation in the converter. 

On the other hand, in the inverter, current is reversed in phase due to a loading circuit. At worst, the frequencies of 
outputs of switching elements in the inverter increase when the phase difference between the outputs of the inverter 
and converter is within a range of ± 30° relative to peak current. This results in a large current value. An increase in 

so frequency therefore drastically affects the power dissipation in the inverter. 

The fifth embodiment has overcome the foregoing drawback. When outputs of a converter and an inverter are 
mutually inconsistent in polarity, the switching patterns of the converter and inverter or switches B and C are 
exchanged. The converter and inverter are then actuated according to the exchanged switching patterns. The fifth 
embodiment will be described in conjunction with the drawings. 

55 The circuit elements in the fifth embodiment are identical to those in the fourth embodiment except the switching 
pattern generator 120 in the control circuit 30. Fig. 1 1 shows the switching pattern generator 120. 143, 144, and 147 
denote exclusive-OR circuits. 146 and 152 to 157 denote AND circuits. 145, 148 to 151 , and 161 to 163 denote revers- 
ing circuits. 1 58 to 1 60 denote OR circuits. The reversing circuit 1 45, AND circuit 1 46, and exclusive-OR circuit 1 47 con- 
stitute an inverter priority signal generator T. The reversing circuit 148, AND circuits 152 and 153, and OR circuit 158 
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constitute a selector U. The reversing circuit 149, AND circuits 154 and 155, and OR circuit 159 constitute a selector V. 
The reversing circuits 150 and 151 , AND circuits 156 and 157, and OR circuit 160 constitute a selector W. 

Referring to Fig. 12, the operation will be described. The switching pattern generator 120 inputs a Converter Com- 
pared signal Tf, a converter polarity signal Te, an Inverter Compared signal Tg, and an inverter polarity signal Th. The 

£ exclusive-OR circuit 143 computes the signals Tf and Th, and outputs a converter PWM signal Tp having information 
concerning the polarity of voltage supplied by the converter. The exclusive-OR circuit 144 computes the signals Tg and 
Th, and outputs a PWM signal Tq having information concerning the polarity of voltage supplied by the inverter. The 
reversing circuit 145 outputs a PWM reverse signal Tr that is opposite in polarity to the signal Tq (the signal Tr is output 
when the inverter does not perform pulse-width modulation). The AND circuit 146 calculates the AND of the signals Tq 

10 and Tr, and outputs a Converter Operable signal Ts that when the outputs of the converter and inverter are mutually 
inconsistent in polarity, serves as a switching signal for the converter. The exclusive-OR circuit 147 computes the sig- 
nals Te and Th, and outputs a Polarity Inconsistent signal Tt. The Polarity Inconsistent signal Tr is high when the signals 
Te and Th are mutually inconsistent in polarity, and low when the signals Te and Th are mutually consistent in polarity. 
These signals Te and Th are fed to the selector U. When the signals Te and Th are mutually consistent in polarity (the 

75 signal Tt is low), the signal Tp is selected. When the signals Te and Th are mutually inconsistent in polarity (the signal 
Tt is high), the signal Ts is selected. The selected signal is supplied as a switching signal T1 to the switching circuit 1 . 

The signals Tr and Th are fed to the selector V. When the signals Tr and Th are mutually inconsistent in polarity (the 
signal Tr is high), the signal Tr is selected. When the signals Tr and Th are mutually consistent in polarity (the signal Tr 
is low), the signal Th is selected. The selected signal is supplied as a switching signal T3 to the switching circuit 3. 

20 The signals Th and Tq are fed to the selector W. When the signals Th and Tq are mutually consistent in polarity 

(the signal Tt is low), the signal Tq is selected. When the signals Th and Tq are mutually inconsistent in polarity (the 
signal Tt is high), a signal that is opposite in polarity to the signal Th and provided by the reversing circuit 150 is 
selected. The selected signal is then supplied as a switching signal T5 to the switching circuit 5. The switching signals 
T2, T4, and T6 are opposite in polarity to the switching signals T1 , T3, and T5. and supplied to the switching circuits 2, 

25 4, and 6. These switching signals are used to produce the converter output voltage V CNV and inverter output voltage 

VlNV- 

In Fig. 1 1 , the PWM reverse signal Tr is also sent to the selector V that produces a switching signal for the selector 
B. As apparent from this circuitry, the fifth embodiment partly exchanges switching patterns of the inverter C and selec- 
tor B. When the output voltages of the converter and inverter are mutually inconsistent in polarity, the signal T5 shown 
30 in Fig. 12 provides no pulse. The frequency of the signal T3 provided by the selector B is identical to that of the carrier. 
The frequency of the signal T1 provided by the converter D is double the frequency of the carrier. 

Thus, the adoption of the technology using two kinds of carriers is advantageous in minimizing the increase in 
power dissipation resulting from switching. 

35 Sixth Embodiment 

Next, a power inverting apparatus of the sixth embodiment of the present invention will be described. This embod- 
iment introduces a concept of voltage vectors which will be described later. Logical states of switching elements in the 
apparatus are handled as a whole using the voltage vectors, whereby switching control is effected. Similarly to the 

40 aforesaid fourth and fifth embodiments, an inverter and a converter can be operated mutually independently within a 
certain range. The sixth embodiment not only solves the problems lying in prior arts but also has another effect, which 
will be described later, by utilizing software-based control. 

The sixth embodiment of the present invention will be described in conjunction with the drawings. In Fig. 13, 30 
denotes a control circuit. 164 denotes a crystal oscillator. 165 denotes a counter for counting pulses of an output signal 

45 of the crystal oscillator 1 64 and resetting the count at intervals of a time instant AT. The counter 1 65 outputs an interrupt 
signal and a count at intervals of a time instant AT. 166 denotes a comparator for comparing an output of the counter 
1 65 with a set value provided by an arithmetic logic circuit 1 68 which will be described later. Depending on the result of 
the comparison, the comparator 166 produces an interrupt signal. 167 denotes an A/D converter. 168 denotes an arith- 
metic logic circuit for calculating a switching signal; such as, a microcomputer. 169 denotes an interface for inputting an 

so external signal. 1 70 denotes a RAM. 1 71 denotes an arithmetic logic unit. 1 72 denotes an interface for outputting a sig- 
nal to an external unit. 1 75 denotes a crystal oscillator for outputting a reference clock for use in operating the arithmetic 
logic circuit 168. 176 denotes a memory circuit containing programs for operating the arithmetic logic circuit 168; such 
as, a ROM. 173 denotes a switching signal generator. 174 denotes a dc voltage detector. 

Prior to the operation, voltage vectors to be introduced for the first time will be described. Fig. 14 is a table listing 

55 all logical states of switching elements. In Fig. 14, S1. S3, and S5 denote switching elements 1.3. and 5. A logical 1 
represents an on state, while a logical 0 represents an off state. The switching states of switching elements 2, 4, and 6 
are opposite to those of the switching elements 1, 3, and 5, which are therefore not illustrated. As apparent from the 
table, a total of eight switching states A. B, C. D, E, F. G+, and G- are conceivable. 
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Fig 15 shows the eight switching states in the form of voltage vectors. Assuming that a certam switching state for 
example a state A in Fig. 14 is set up, the switching element S1 is off, the switching element S3 is off and the switching 
l£ 8>?«i (the switching elements S2 and S4 are on and the switching element S6 ,s off). The wave height V c 
of SnverTer output voltage and the wave height V, of inverter output voltage are specified relative to the dc portage Vb 
a Se capacitor 12 In this case, V c = 0 and V, = V D are established. When an orthogonal coordinate plane whose 
the quotient ofV c / V D and whose ordinate represents the quotient of V, / V D is prov-dec I as shown 
Tn Fig 15 the switching state A can be represented as a vector extending from an ongm to coordinates (0, 1). The 
switching 'state A is handled as a voltage vector A. That is why a letter A in Fig. 1 4 has an arrow crowned. 

Fig 15 shows voltage vectors representing the states A to G in Fig. 14. The voltage vector G is a zero vector. The 
voltage vector G is signed with a plus when the switching elements S1 , S3, and S5 are all on. and signed with a minus 
when the switching elements S1 , S3, and S5 are all off. _ u __ t ^ ^ 

The operable range of a power inverting apparatus will be discussed in conjunction wnn me v^iu, « «. i of . . y . . w. 
As for a typical ac-dc-ac power inverting apparatus in which a converter and an inverter operate mutually independently, 
me opeSe range is defined as 0 ^ |V ,/V D | S 1 or 0 S |V C /V D | « 1 . The power inverting apparatus is therefore 
operable within a range defined with a square B.EH. By comparison, when it comes to a conventional power mverting 
apparatus conditioned that converter output voltage must be in phase with inverter output voltage smce the outpu t voft- 
ages must be mutually consistent in polarity, the inverting apparatus is operable w.thin a range defned with squares 

ABC !n ^present invention, as mentioned above, two carriers that are 1 80° out of phase are used to allow a converter 
control and an inverter control to operate independently on a time-sharing basis at intervals of a half cycle i of a carr er 
When both output voltages of the converter and inverter are mutually incons.stent in polarity, the expression (4) is 
established. 

|V c | + |V,|sV D W 

When the converter output voltage is positive and the inverter output voltage is negative, the expression (4) is rewritten 
as V c - V , < V D . Consequently, an expression (5) is established. 

(V,/V D ) a (V C /V D )-1 < 5 ) 

The expression (5) means that the power inverting apparatus operates in a range defined with a Wangle CDG ir iFig 1 5 
When the converter output voltage is negative and the inverter output voltage is positive, the expression (4) is 
rewritten as-V c + V,sV D .An expression (6) is then established. 



35 (V,/V D )s(V c A/ D ) + 1 



(6) 



40 



45 



SO 



55 



The expression (6) means that the power inverting apparatus operates in a range defined with a triangle FAG in i Fig. 1 5_ 
Wording to the present invention, the power inverting apparatus operates in a range ABCDEF ^drawn wrth a sohd 
line in Fig. 15 When the range ABCDEF is divided into domains [1] to [6] as shown in F,g. 1 5 if voltage vector com- 
mands are issued on the basis of a converter voltage command and an inverter voltage command, voltage vectors lead- 
ing to three apices of a domain defined with the converter and inverter voltage commands are c 0 ^"^^"^^ 
voltage vector For example, when the domain [1 ] is defined, the voltage vectors A. B, and G are combined. The voltage 
vectors are allocated according to the valid time intervals thereof within a unit processing time interval AT. 
Fig. 16 shows combinations of voltage vectors domain by domain. 

in Fig. 16. T c denotes a time interval calculated on the basis of a use rate of a converter output for a dc voltage, 
which is provided as an equation (7). 

T c = (|V c l7V D ) -AT. T c * AT (7) 

T, denotes a time interval calculated on the basis of a use rate of an inverter output for a dc voltage, which is provided 
as an equation (8). 

T i = (|V J/V D ) * AT, T , s AT ( 8 ) 

In Fig 16. o means that the condition |V C | > |V,| is satisfied, and x means that the condition is unsatisfied. 
Next the operation of the sixth embodiment of the present invention will be described. 

Fig 17 is a flowchart showing a procedure in this embodiment. An interrupt with which a unit processing time inter- 
val or cycle T starts is issued when the counter 1 65 is reset. First, an absolute value |V CMD1 1^ 3 ^^ 0 ^^ 
mand V CMD 1 is calculated and a polarity signal V PL1 concerning the signal V CMD1 is produced. An absolute value 
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|V CMD2 | of a converter voltage command signal V CMD2 is calculated and a polarity signal V PL2 concerning the signal 
V CMD2 is produced. A dc voltage detected by the dc voltage detector 174 is converted into a digital value by the A/D 
converter 167, and then fed to the arithmetic logic circuit 168. The digital value V D of the dc voltage is assigned to the 
aforesaid equations (7) and (8). 

5 Next, the polarities of output voltages of the converter and inverter are specified by following steps ST2, ST3, and 

ST8. At steps ST4 and ST9, the absolute value |V CMD1 | of the converter voltage command V CMD1 is compared with the 
absolute value !V CMD2 ! of the inverter voltage command V CMD2 - A domain shown in Fig. 16 is then specified. At steps 
ST5 to ST7 and ST10 to ST12, an equation associated with the domain is computed to specify a switching pattern. 
Depending on the result of the computation, an order of outputting three vectors Z(1), Z(2), and Z(3) which are derived 

10 from reasoning (which will be described later) is determined at step ST13. First, the vector Z(1) and the output time 
interval T(1) are output at step ST14. The vectors Z(2) and Z(3). the output time intervals T(2) and T(3), and a count i 
(which is 1 in this case) within the program are placed in the RAM 170. Data is set in the output interface 172 at step 
ST14. The interrupt processing then terminates. The output interface 1 72 outputs the set data Z(i) to the switching sig- 
nal generator 173, and data T(i), which includes a count and a time instant at which the data Z(i) should be output, to 

75 the comparator 1 66. The switching signal generator 1 73 reverses in polarity the input signals S1 , S3, and S5 to produce 
signals S2, S4, and S6, and outputs the produced signals as switching signals for the switching elements 1 to 6. The 
comparator 166 compares the output of the arithmetic logic circuit 168 with the output of the counter 165. If the output 
of the counter 1 65 has a larger value, the output signal of the comparator 1 66 goes from high to low. In response to the 
output signal, the input interface 1 69 of the arithmetic logic circuit 1 68 generates an interrupt in synchronization with the 

20 trailing edge of the output signal. The processing shown in the flowchart of Fig. 18 is then executed. 

In Fig. 18, the count i within the program is read from the RAM 1 70 at step ST1 5, and incremented by one. The new 
value is then specified as a i count. The data Z(i) and T(i) are read from the RAM 170 at step ST16. A value resulting 
from T(i) + T(i-1) is then specified as new data T(i). The new data T(i) is then supplied to the output interface 172. The 
output interface 172 repeats the above operation, whereby the three vectors are output within the cycle T. 

25 Thus, a converter voltage command and an inverter voltage command are substantially converted into a voltage 
vector command. A domain in Fig. 16 is specified according to the voltage vector command. Switching signals are con- 
trolled according to a combined vector derived from the domain. 

The calculated switching pattern is defined by three vectors. Depending on the order of outputting the vectors, a 
switching frequency increases to vary power dissipation. This results in varying power inverting efficiency. The transient 

30 fluctuation in voltage command or dc voltage affects the efficiency in controlling an output waveform. The order of out- 
putting three vectors that define a switching pattern should therefore be determined carefully. 

The sixth embodiment therefore includes a processing means for determining an output order that minimizes power 
dissipation. Fig. 19 is a flowchart showing processing for determining the output order of vectors; that is, an example of 
processing performed at step ST1 3 in Fig. 1 7. At step ST1 7, a computation (X • A) is calculated by computing a vector 

35 Z3 that has been calculated in response to the previous interrupt issued according to the counter and provided last, and 
a set {P 1 } of three vectors that are calculated in response to the current interrupt. This results in a vector Z1 to be output 
first. 

The operation (X • A) will be briefed below. Assuming that a set {P} includes a vector A (a1 , a2, a3), a vector X (x1 , 
x2, x3), and a vector Y (yl , y2, y3), a result AX of computation involving the vectors A and X is provided as follows: 

40 

AX = [a1 (exclusive-OR) x1] + [a2 (exclusive-OR) x2] + [a3 (exclusive-OR) x3] (9) 

A result AY of computation involving the vectors A and Y is provided as follows: 

45 AY = [a1 (exclusive-OR) y1] + [a2 (exclusive-OR) y2] + [a3 (exclusive-OR) y3] (10) 

The vectors are defined so that either the value AX or AY, whichever is smaller, will be equal to the result of a compu- 
tation A(X-A){P}. 

For example, the vector A is defined as (1 , 1 , 0). the vector X is defined as (0, 0, 1 ), and the vector Y is defined as 

50 (1,0,1). 

AX = 1 + 1 + 1 = 3 
AY = 0 + 1 + 1 = 2 

55 

Thus, the value AY is smaller than the value AX. The vector Y is selected as a vector to be output next. 

Next, the vector Z1 calculated at step ST17 is removed from the set {P1} to produce a set {P2} at step ST18. At 
step ST19, the vector Z1 and set {P2} are computed to calculate the (X-A) operation. As a result, a vector Z2 is 
selected and a vector Z3 is unselected. When the vector G is subjected to an (A • X) operation, both the vectors G+ (1 . 
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5 Seventh Embodiment 
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15 



20 



Nerf t hes« e «.^n,ineHK.esaproc<^ 

put order of vectors is determ.ned. At step ST20, an (X »j ope pr0 vided last, and a set {P1} of 

be4nca.cu.ated in 

three vectors that are calculated ,n response to a cumrt ^^mpt. a (a1, a2, a3), a vector X (xl , 

^al^ 

AX = [.1 (exc.usive-OR) x1] + 10 x [a2 (exc.usive-OR) x2] + 100 x [a3 (exc.usive-OR) x3, (11) 

and a result AY of computation involving the vectors A and Y is provided as follows. 

AY = [31 (exclusive-OR) y1] + 10 x la2 (exclusK,e-OR y2] + 100 x [a3 (exc.usive-OR) y3] (12) 



25 



30 



35 



(1.0, 0). 

AX = 0 + 10 . 1 +100 • 1 =110 
AY = 0 + 10 • 1 +100 • 0 = 10 



40 



45 



TheAXvalueis-argerth^ 

Next, the vector Z1 calculated at step ST20 « ^^8^ B) SratiSn. Based on the results of the oper- 
step ST22. the vector Z1 and set (P2} are computed G is subjected to the (X • B) operation, 

35, a vector Z2 is selected and a vector Z3 ,s «^^SS2i2?i *• < X ' B ) "TJ? 
both the vector G+ (1. 1. D and vector G- 0 O0) are ass^ned to eq multiplying the log.cal state 

vector G+ or G-. whichever pn»*> >• "JJESbJ 1 00 trrf thecal state value of the switching element S3 of 
value of the switching element S5 of the ° .^I^JS, the inverter is output precedently. As a result, even rf 

the selector B by 10. Due to «»«•«*»' ^^^^^tource 7 and loading circuit 14, the output 
dc voltage fluctuates due to a the AuduahonB ,n pottage at the ac w 9 ^ 
voltage of the inverter can remain stable until rt comes to a tt-re shoid vo JJJ ^ reacts tQ jncrease ^ pulse 

vVhen the dc voltage V D drops abruptly .n a normal ^ during the unit processing 

duration of the dc voltage V D . the above *^£2^ ^ * £ SopSd switching in the inverter is effected 
time interval AT. Even in this case, when the P^f^*™^^ t0 an extent comparable to the precedence, 
with precedence, the fluctuation in inverter ^ the last vector for a cyde AT is a vector 

As mentioned above, even when one .of ^^^"^^on in Fig. 20. The last vector is defined as 
selected as a vector to be output last on the basjs of the >™*J** ^ for cycle A T 

the Te^ 
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Next, the eighth embodiment will be descnb^njun^n ^ 6mbodim ent. 

Fig. 21 is a block diagram show.ng a conf.gurat.or o *^er 'nvert g app ^ ^ jn ^ ^ 

In F.g. 21 . the reference numerals .denhcal to hose m ^J^S JJJJ, a voltage detecting means for detect- 
embodiment. The description of the circurt eleme^ w.« be ck^ 2 £ a bStoS switching circuit. 242 denotes a 
ing a voltage V sw across the input voltage ^^^S volta ge source 7 to the converter D. 304 
current detecting means for detecting ar W^tei ^ overcurren t. After the inverter and con- 

r-"^^^^ 51 Vsw across the input volte9e OTntro ' 
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detected by the voltage detecting means 240 and then determines conditions under which the inverter and converter 
can be restarted. 223 denotes a gate circuit. 

Fig. 22 shows an example of a configuration of the error detector 304 and gate circuit 223. In Fig. 22, 300 denotes 
an absolute value circuit for identifying an absolute value of the input current l R . 301 denotes a comparator that when 

5 an output signal l RA of the absolute value circuit exceeds a value Ir_1 mt of overcurrent, outputs a high-level output sig- 
nal 300_out. 302 denotes a comparator that when the voltage V sw across the input voltage control circuit 17 exceeds 
a reference voltage V_lmt of given level, outputs a high-level output signal 302_out. 303 denotes a D flip-flop. 212 to 
219 denote AND circuits for blocking gates. 

Next, the operation will be described with reference to the waveforms representing the actions of circuit elements 

io shown in Fig. 23. 

In Fig. 21 , the input current l R to be fed from the ac voltage source 7 to the converter D is detected by the current 
detecting means 242, fed to the error detector 304, processed to calculate an absolute value through the absolute value 
circuit 300 in the error detector 304, and then fed to the comparator 301. At a time instant t1 in Fig. 23, the output 
300__out of the absolute value circuit 300 exceeds the value 1^1 mt of overcurrent. The output signal 301_out of the 
is comparator 301 then goes high. The D flip-flop 303 changes states from the state defined with a low-level signal to the 
one defined with a high-level signal. This causes the output signal ERR_L of the D flip-flop 303 to go low. All the output 
signals TV to T6\ T17a\ and T17b' of the AND circuits 212 to 219 are driven low. Consequently, gate blocking is 
effected. 

Next, at a time instant t2, the voltage V sw across the input voltage control circuit 1 7 detected by the voltage detect- 
20 ing means 240 exceeds the reference voltage V_1 mt set for the comparator 302. The output signal 302_out of the com- 
parator 302 then goes low. The output signal ERR_L of the D flip-flop 303 is driven high forcibly. The gate blocking is 
then released. When the gate blocking is released, the input voltage control circuit 17 restarts switching. The voltage 
across the input voltage control circuit 17 becomes zero. The output signal 302_out of the comparator 302 goes high. 
A normal control mode is re-set. 
25 According to the eighth embodiment, when it is detected that the input current l R to be fed from the ac voltage 
source 7 to the converter D has grown to be overcurrent, all switching commands can be specified to turn off the switch- 
ing elements in the inverter C and converter D as well as the switching elements in the input voltage control circuit 17. 
The input current l R therefore charges the smoothing capacitor 12 to be zero, which prevents occurrence of a drawback 
resulting from excessive input current. After the abnormal state that excessive input current flows is avoided, the con- 
30 verter and inverter are restarted. This results in stable power inversion. 

. Ninth Embodiment 

Next, the ninth embodiment will be described in conjunction with the drawings. 
35 Fig. 24 is a block diagram showing a configuration of a power inverting apparatus of the ninth embodiment. 

In Fig. 24, a circuit element different from the one in the eighth embodiment shown in Fig. 21 is the error detector 
305 in the control circuit 30. The error detector 305 detects that the input current detected by the current detecting 
means 252 has grown to be overcurrent. After the inverter and converter are suspended, the error detector 305 ana- 
lyzes the input current l R detected by the current detecting means 252 and then determines conditions under which the 
40 inverter and converter can be restarted. The other circuit elements are identical to those in the seventh embodiment, of 
which description will be omitted. 

Fig. 25 shows a circuitry of the trouble detector 305. 

In Fig. 25. 306 denotes a comparator that when the output signal 300_out of the absolute value circuit 300 for 
detecting an absolute value of the input current l R becomes zero, provides a low-level output signal 306_out. The other 
45 circuit elements of the error detector 305 are identical to those in the seventh embodiment shown in Fig. 22, of which 
description will therefore be omitted. 

Next, the operation will be described with reference to the waveforms representing the actions of circuit elements 
in Fig. 26. 

In Fig. 24, the input current I R to be fed from the ac voltage source 7 to the converter D is detected by the current 
so detecting means 242, fed to the error detector 305, processed to calculate an absolute value by means of the absolute 
value circuit 300 in the error detector 305, and then fed to the comparator 301 . At the time instant t1 in Fig. 26. the out- 
put signal 300_out of the absolute value circuit 300 exceeds the value I^J mt of overcurrent. The output signal 300_out 
of the comparator 301 then goes high. The D flip-flop 303 changes states from the state defined with a low level to the 
one defined with a high level. This causes the output signal E RRL of the D flip-flop 303 to go low. Similarly to the seventh 
55 embodiment, the output signal ERR_L causes all the output signals of the gate circuit 223 to go low. Thus, gate blocking 
is effected. 

Next, at the time instant t2, the input current l R reaches zero. The output signal 306_out of the comparator 306 then 
goes low. The output signal ERR_L of the D flip-flop 303 is driven high forcibly. The gate blocking is then released. 
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When the gate blocking is released, the input voltage control circuit 1 7 restarts switching. The output signal 306 out of 
the comparator 306 is then driven high. A normal control mode is then re-set. " 

According to the ninth embodiment, when it is detected that the input current l R to be fed from the ac voltage source 
mlntl TnThT' 6 ♦ ^ 9 T n t0 56 wercurrent - a " itahin 8 commands are specified to turn off all the switching ele- 
ments .n the inverter C and converter D as well as those in the input voltage control circuit 17. The input current l R 

225 n T k" 9 CaP f C,1 ° r 1 2 ,0 b6 Zer °' Which prevente occurrence <* a drawback resulting from excessive input 
current Once the abnormal state that excessive input current flows is avoided, the converter and inverter are restarted 

Ire tum^ 0 L?o H^r r t r erS 'T' ^r™* SinCe the SWitChin 9 elemen,s in the input voltage control circuit 17 
are turned off accordmg to the input current l R , even if the switching elements are. for example, thyristors incapable of 

thT^ 9 H a ?' n , 9 V themse,ves ' the switchin 9 elements can be turned off reliably. Unlike the seventh embodiment 

3 ■ ? 9 meanS f ° r deteCtin9 thS V °' tage aCTOSS » e input volta 9 e contral unit 17 ^ unnecessary. This 
results in a low-cost power inverting apparatus. 

Tenth Embodiment 

Next, the tenth embodiment will be described in conjunction with the drawings 

In the aforesaid eighth or ninth embodiment, when the error detector 304 or 405 detects that the input current l R 
lowing from the ac voltage source 7 into the converter D has grown to be overcurrent, the gate circuit 223 is controlled 
to provide commands specifying that all switching elements should be turned off 

J" F ' 9 ' 27 ' tha< the inpUt V °' tage SUppMed by the ac volta 9 e source 7 is of ne 9 ativ ® Pointy and the output 

voltage command of the inverter C is of positive polarity. Also assume that an output current I, of the inverter C is flow- 

« Ji Tr^nT « R9 21 ■ tWS SitUati0a Whe " lhe tr ° uble detector °P erates to detect »" abnormal state, 
gate b ockmg is effected. The output current l L flows along the route indicated with a dashed line in Fig. 27. Specifically 

m T.Z™?, flOWS al ° nS 3 Hne LINE - COM - trough a diode 3d. a point P. the smoothing capacitor 12 a point 

1^ ^ 3 ,h u en ' a '° n9 3 Mne LINE -' The input Current flow alon 9 the line L'NE.COM, and through the 
?SL^ P ° ^moothmg capacitor 12, point N, diode 2d, and reactor 15. In the meantime, the input current l R 
charges the smoothing capacitor to decay. R 

. iN^Vh^nL 3 * !?f S m I' 5 indUCed in * e ' ine LINE - COM and the voltage at the point N is induced in the line 
thp M? 6 , I* 9 ,nd " C ! d m a " output terminal of tne inverter c is dc v °"a9e of negative polarity. However, since 

2 ^521? V ? 3 f command ^entually. the voftage to be applied to a load may become negative Thus 

the influence of the output voltage V L upon the load is not negligible. 

To alleviate the above influence, as shown in Fig. 28, switching elements 3t and 5t are turned on so that the inverter 
SS^nt mmp 0 ^ * 6 T ent ' L iS CirCU,ated as shown in R 9- 28 Specifically, the output current l L flows 
f^STtS^ ?^25 ^ **° d0 ■* itehin 0 «. and than along Via ine LINE L Th. input urrant 

J S * r thr ° U9h the di0de 3d> P** P ' Smoothin 9 capacitor 12 ' P° int ^Tand dioSe 2d. into 

the reactor 15. In the meantime, the input current l R charges the smoothing capacitor to decay. 

tumSon Tt n h 9 c the '"T*' ° to Prmide * Zer ° OUlput 35 shown in Fi 9 29 > •" i "*'0 elements 4t and 6t may be 
1 1 0356 ; the ' npUt CUrrent ,R f0 " OWS a dashed ,ine in Fi 9- 29; that is. flows along the line LINE COM 

£22? J! ♦ ^ 4t P ° int N ' and di0de 2d ' in, ° the reactor 15 - Tne in P ut curr «"t 'R 9lows further. 5onse- 

quently, the inverter C is not allowed to provide a zero output. 

„oit a !l h ^ !h 6 inpu V :U " en, !^ iS reversed in P°'ar«V. the switching elements 4t and 6t are turned on so that the oulput 

£ £ kT ^ ? J" Zer ° The subs ^ uerrt aclions ° f Circuit elements are the same as those described 
above, of which description will be omitted. 

Fig^30 is a block diagram showing a configuration of a power inverting apparatus of the tenth embodiment 
• J" 1^' I ' reference numerals identical to those in Fig. 24 denote the same circuit elements as those in the 
?00 to^r^f 7 ^^^ ! 93te CifCUit With 3 bUi ' t " in P °' arity deteCtor residin 9 in the ™™ circuit 30. 1 to 1 7. 
TwlllTe^^^ 

current l R . 249 and 250 denote NOT crcuits. 251 and 252 denote AND circuits serving as selectors. 253 to 260 denote 
AND circuits serving as gate blocking circuits. 261 to 264 denote OR circuits 

*nn*n 3 l?°?t the W3V ! f !, rmS ° f ' fr ° m abOVS *° be,OW ' the input current Error Det6cted si 9nal ERR L. output 
signal 'R-Pole of the polarity detector 248, oulput signal 249_out of the NOT circuit 249. output signal 250 out of ttie 

signals ™ to T6' ^ " ^ Am *"* 251 " ° UtPUt Signal 252 - 0Ut 0f *> e * ND c ^ cuit ^ and gate 

Next, the operation will be described. 

th* t^1l"<!!i S f^ 6 ?^ that the inpUt CUrrem haS 9f0wn t0 be overcurr ent, the Error Detected sinal ERR L goes low as 
the t.me instant t1 Th.s causes the AND circuits 253 to 260 to provide low-level gate signals. The outputiignal 250_out 
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of the NOT circuit 250 goes from low to high. Since the polarity signal lR_pole for the input current l R is high, the output 
signal 251_out of the AND circuit 251 goes high. Since the output signal 249_out of the NOT circuit 249 is low, the out- 
put signal 252_out of the AND circuit 252 goes low. 

Since the output signal 251_out is high, the output signal T3* of the OR circuit 261 and the output signal T5' of the 
s OR circuit 263 are driven high forcibly. The output signal T4* of the OR circuit 262 and the output signal T6' of the OR 
circuit 264 are fixed to zero. 

According to the tenth embodiment, the input current does not grow but charges the smoothing capacitor 12 to 
decay. Since the output voltage of the inverter C is zero, no negative voltage is applied to the output voltage of the 
inverter C. Thus, the influence of the output voltage upon a load is alleviated. 

10 

Eleventh Embodiment 

Next, the eleventh embodiment will be described in conjunction with the drawings. 

In Fig. 33, 329 denotes a polarity detector for detecting the polarities of an output voltage of the ac voltage source 
is 7 and of an inverter output voltage command. 330 denotes an error detector for detecting an error by analyzing two 
polarity signals provided by the polarity detector 329. 1 to 17, 30, 100 to 106, 223, and B to D denote the same circuit 
elements as those in the eighth embodiment. 220 denotes exactly the same circuitry as that in the ninth embodiment, 
of which description will be omitted. 

Fig. 34 shows an example of circuitries of the polarity detector 329 and error detector 330. 
20 In Fig. 34, 322 denotes a polarity detector for detecting the polarity of the input voltage V R . 323 denotes a polarity 

detector for detecting the polarity of the output voltage command V CMD2 destined for the inverter C. 324 denotes an 
exclusive-OR circuit for checking if the output signals 322_out and 323_out of the two polarity detectors are mutually 
consistent in polarity. 325 denotes a leading edge detector for detecting a leading edge of the output signal 324_out of 
the OR circuit 324. 326 denotes a trailing edge detector for detecting a trailing edge of the output signal 325_out of the 
25 trailing edge detector 325. 327 denotes a NOT circuit. 328 denotes a D flip-flop. 

Fig. 35 shows the waveforms of, from above to below, the output voltage command V CMD2 destined for the inverter 
C. voltage V R supplied by the ac voltage source, input current l R flowing from the ac voltage source into the converter, 
output signal 323_out of the polarity detector 323, output signal 322_out of the polarity detector 322, output signal 
324_out of the exclusive-OR circuit 324, output signal 325_out, output signal 326_out of the trailing edge detector 326, 
30 output signal 327_out of the NOT circuit 327, and output signal ERR_L of the D flip-flop 328. 
Next, the operation will be described. 

At the time instant t1 , an error occurs in the voltage V R of the ac voltage source 7. At the time instant t2, the exclu- 
sive-OR circuit 324 analyzes the signal 323_out representing the polarity of the output voltage command V CMD2 des- 
tined for the inverter C and the signal 322_out representing the polarity of the voltage supplied by the ac voltage source 
35 7, and thus detects that the polarities are mutually inconsistent. The output signal 324_out goes high. 

At this time, the D flip-flop 328 changes states from the state defined with a low level to the one defined with a high 
level. This causes the output signal ERR_L of the D flip-flop 328 to go low. The signal ERRJ_ is then fed to the gate 
circuit 223, whereby gate blocking is effected. The signal 324__out is ted to the leading edge detector 325. The signal 
325_out remains high from a time instant t3 until a given time instant t4 for a period of time required for the input current 
40 l R to be zero. 

At the time instant t4, the signal 325_out goes low. The trailing edge detector 325 detects the trailing edge of the 
signal 325_out The signal 326_out remains high until a time instant t5. 

The output signal 327_out of the NOT circuit 327 is then driven low, and the D flip-flop is reset forcibly. The output 
signal ERR_L is driven high again, whereby gate blocking is released. The inverter and converter are restarted. 

45 According to the foregoing operation, gate blocking is effected to suspend the inverter and converter for at least a 
period of time during which the input current flowing from the ac voltage source 7 reaches zero. Therefore, when the 
polarities of the voltage supplied by the ac voltage source 7 and output voltage command destined for the inverter C are 
mutually inconsistent, even if the input current is present, the input voltage control circuit 17 can be turned off. The input 
current therefore charges the capacitor 12 to be zero but does not grow to be overcurrent, which prevents occurrence 

so of a drawback resulting from excessive input current. Furthermore, since the inverter and converter are restarted, stable 
power inversion is realized. 

Twelfth Embodiment 

55 Next, the twelfth embodiment will be described in conjunction with the drawings. 

In Fig. 36, 322 denotes an error detector for detecting an error by analyzing two polarity signals or outputs of the 
polarity detector 329. 1 to 17, 30, 100 to 106, 223, 242, 329, and B to D denote the same circuit elements as those in 
the eleventh embodiment, of which description will therefore be omitted. 

Fig. 37 shows an example of a circuitry of the error detector 332. 



15 



BNSDOCID: <EP 0730339A2J_> 



EP 0 730 339 A2 



10 



15 



20 



25 



C. J*U V R sua** by ths ac JSJSS?« 
flop 331 . 

Next, the operation will be described eunnlied bv the ac voltage source 7 as shown in Fig. 38. At 

At the time instant tl , an error occurs .n the voltage ^^^^^^ ng ^ e ^ am a^oU^^ 
the time instant t2, the exc.usive-OR circuit 3 2 _4 ^J^^^J^ t 9 ne po U of the voltage sup- 

is then driven high. defined with a low level to the one defined with a high 

gate circuit 223, whereby gate blocking is effected. of the compara tor 

s*sn the poiarBos « the .oteg. sw*ed is ptL* the input con- 

» nuUHy inconsistent. sven il Ih. inpo ^^J^^^S^W to OS L but doss not g.ow to bo 
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inversion. 

Thirteenth Embodiment 



Next, the thirteenth embodiment wj be < esa.bed ^ *^S5 V R supplied by the ac voltage 
in Fig. 39, 226 denotes a polarity detector for detecting the polar* of the vot g I r w g 
source 7 and the polarity of the output voltage command w ^JJJ^Sd V C md 2 destined for the inverter C 
reverse detector for determining whether the polarity of the )^^^ r ^ erse detector 225 and thus 
is reversed. 224 denotes an error detector tm ^^^iSSS^wSS^ of the *• output VO,t " 

determines that the polarity of the voltage V R ■ *^^7^7 W 1 00 to 1 06, 223 242, and B to D denote the 
age command V CMD2 destined for »e inverter Ci^ J to 17 30^1 00 to ^ ^ ^ 

^40^ 

"Vig.^den.esapo^^^ 

ment, of which description will tner ^ e ^ e a °^^ below tne output vo ltage command V CMD2 destined for the inverter 
Fig. 41 shows the waveforms of, from above to below, the oinpux g ~j, e of the polarity detector 

C, voltlge V R supplied by the ac voltage source 7 ^<^^^^™Z°^> edge detector 229, output 



55 D flip-flop 235 



Next, the operation will be described. fluctuates as shown in Fig. 41 . At the time 

At the time in^ 
instant t2, the output voltage command V CM D2 destined tor ine mv« i« 
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polarity. This causes the output signal V CMD2 _pole to go from low to high. The output signal 229_put ol the leading edge 
detector 229 is driven high for a given period of time from the time instant t2 to t3. 

Since the signal Vp^pole is low, the output signal 231_out of the NOT circuit 231 is high. The output signal 232_out 
of the AND circuit 232 is driven high at the time instant t2. The output signal 233_out remains low. 
s When the output signal 232_out is driven high, the output signal 234_out of the OR circuit 234 goes from low to 

high. A rise signal is then fed to the D flip-flop 235. With the rise signal, the output signal ERR_L of the D flip-flop 235 
goes from high to low. 

When the output signal ERR_L goes low, occurrence of an error is detected. The output signal ERR_L of low level 
is fed to the gate circuit 232, whereby gate blocking is effected. 
io At the time instant t4, the input current l R becomes zero. The output signal 306_out of the comparator 306 goes 
low. The output signal ERR_L of the D flip-flop 235 is driven high forcibly. The gate blocking is released. The inverter 
and converter are restarted. 

According to the foregoing operation, gate blocking is effected to suspend the inverter and converter, so that every 
time the output voltage command destined for the inverter C is reversed in polarity, error detection can be performed 

is and the input voltage control circuit 17 can be turned off. Herein, when the output voltage command destined for the 
inverter C is reversed in polarity, the polarities of the voltage supplied by the ac voltage source 7 and output voltage 
command destined for the inverter C are mutually inconsistent and the switching elements in the input voltage control 
circuit 1 7 are disabled from cutting off the input voltage V R of opposite polarity, The input current therefore charges the 
smoothing capacitor 12 to be zero but does not grow to be overcurrent. A drawback resulting from excessive input cur- 

20 rent can therefore be avoided. Furthermore, the inverter and converter are restarted as soon as it has actually been 
confirmed that the input current is zero. Therefore, even if excessive input current flows, the stop time of the inverter and 
converter can be minimized. This results in stable power inversion. 

Fourteenth Embodiment 

25 

Next, the fourteenth embodiment will be described in conjunction with the drawings. 

In Fig. 42, 334 denotes a voltage difference detector. The voltage difference detector 334 detects a difference 
between the voltage V R supplied by the ac voltage source 7 and the output voltage command V CMD2 destined for the 
inverter C. When the detected difference exceeds a dc voltage command V C e* destined for the smoothing capacitor 1 2; 
30 that is, when the inequality below is satisfied: 

|V R -V CMD2 |>V CE . (12) 

the voltage difference detector 334 outputs a high-level signal. 335 denotes an error detector for detecting an error by 
35 analyzing an output signal of the voltage difference detector 334. 1 to 1 7, 30, 100 to 105. 223, 242, and B to D denote 
the same circuit elements as those in the eleventh embodiment. 1 1 8 to 1 20 denotes the same circuit elements as those 
in the fourth embodiment. No mention will therefore be made of these circuit elements. 

Fig. 43 shows an example of a circuitry of the voltage difference detector 334 and an example of a circuitry of the 
error detector 335. 

40 In Fig. 43, 370 denotes a subtracting circuit for detecting a difference between the voltage V R of the ac voltage 
source 7 and the output voltage command V CMD2 destined for the inverter C. 371 denotes an absolute value circuit. 372 
denotes a comparator for comparing the output signal of the absolute circuit 371 with the output voltage command Vqe- 
destined for the converter D. When the output signal of the absolute value circuit 371 exceeds the command V CE *, the 
comparator 371 activates a signal VERR. 336 denotes a D flip-flop for outputting an Input Error Detected signal ERR_L. 

45 300 and 306 denote the same circuit elements as those in the f ifth embodiment, of which description will be omitted. 

Fig. 44 shows the waveforms of. from above to below, the the inverter output voltage command V CMD2 , voltage V R 
of the ac voltage source 7, input current l R , output signal 300_out of the absolute value circuit 300, output signal 
306_out of the comparator 306, output signal VERR of the voltage difference detector 334, and output signal ERR_L of 
the D flip-flop 336. 

so Next, the operation will be described. 

At the time instant t1 , the voltage V R supplied by the ac voltage source fluctuates as shown in Fig. 44. At the time 
instant t2, the inverter output voltage command V CMD2 is reversed from positive polarity to negative polarity 

As long as the carriers for the inverter and converter are 180° out of phase, unless the inequality (12) is satisfied, 
even when the polarities of input and output signals are mutually inconsistent, the input current l R will not grow to be 

55 overcurrent. However, when the inequality (12) is satisfied at the time instant t3. if the voltage control circuit 17 cannot 
cut off the input voltage V R , the input current l R grows to be overcurrent through the reactor 15. 

When the inequality (12) is satisfied, the voltage difference detector 334 causes the signal VERR to go from low to 
high and the output signal ERR_L of the D fOp-flop 336 to go from high to low. The gate circuit 223 then effects gate 
blocking. 
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voltage command exceeds the voltage command V CE - dest,nec for ^*™™% C ^ C " voltage mnirdl circu it 17 
effected. Even when input current flowing from the ac ™*W™™ 7 ^^o oeTero but does not grow to be 
can be turned off. The input current therefore charges ^ smorth-ng capacrtor 1 2 obe ze o ^ 

minimized, and thus stable power inversion can be realized. 
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VERR. voltage V R applied by th. ac vdtage soorc. 7. "£*»n™ '■<; ,g" V»d«» t» «~ *cui. *™* 

embodiment. No mention will be made of these circuit elements. 
F.g. 46 shows an example of a circuitry of the error detector 360. 

plied by the ac voltage ""WSrtS^W 341 -° ul 01 «" ^ 

hSh 0^ uhder wh*h are vcnaga cone J ,7. ^^XS^V^SSSSZ 
which the voltage control circu« t 7 cannot ba turned ofl are that the polar* ' ort me ,npu l< ^ 

340 ^^'e^rUa-rtias »e nruhattly consent. ft. oulpu. aigna. 340.au. ta high. Tha oulpu. eigne. 

go from high to low. Tha gala circuit 223 ^^^^J^L, slgna , 3 06 oot of tha comparator 306 than goaa 
,0.. SETSS '^wSXttSlSSSl -a ,»e la released. Tha Irwede, 
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originating from the ac voltage source 7 to trigger short-circuit current. Moreover, even when the input current is 
present, the input voltage control circuit 1 7 can be turned off. The input current therefore charges the smoothing capac- 
itor to be zero but does not grow to be overcurrent, which prevents occurrent of a drawback resulting from excessive 
input current. Furthermore, the inverter and converter are restarted as soon as it has actually been confirmed that the 
5 input current is zero. Therefore, when the carriers for the inverter and converter are 180° out of phase, if the conditions 
for error detection are set as described above, the operating domains of the converter and inverter can be expanded, 
the stop time thereof arising when excessive input current flows can be minimized, and thus stable power inversion can 
be realized. 

io Sixteenth Embodiment 

Next, the sixteenth embodiment will be described in conjunction with the drawings. 

In Fig. 48, 342 denotes an error detector for determining the conditions for error detection by analyzing the signal 
VERR, voltage V R supplied by the ac voltage source 7, and input current l R . 1 to 17, 30, 100 to 105, 223, 242, and B to 
75 D denote the same circuit elements as, those in the eleventh embodiment. 1 18 to 120 denotes the same circuit ele- 
ments as those in the fourth embodiment shown in Fig. 8. 334 denotes the same circuit element as that in the fourteenth 
embodiment. No mention will be made of these circuit elements. 

Fig. 49 shows an example of a circuitry of the error detector 342. 

In Fig. 49, 344 denotes a comparator for comparing an absolute value of input current flowing from the ac voltage 
20 source 7 to the converter with a given value Ixjmt. 343 denotes an AND circuit. 306 and 337 to 341 denote the same 
circuit elements as those in the fifteenth embodiment, of which description will be omitted. 

Fig. 50 shows the waveforms of, from above to below, the inverter output voltage command V CMD2 , voltage V R sup- 
plied by the ac voltage source 7, output signal 300_out of the absolute value circuit 300, output signal 306_out of the 
comparator 306. output signal 339_out of the polarity detector 339. output signal 341_out of the polarity detector 341 , 
25 output signal 340_out of the exclusive-NOR circuit 340, output signal 344_out of the comparator 344, output signal 
VERR of the voltage difference detector, output signal 343_out of the AND circuit 343, output signal 338_out of the AND 
circuit 338. and output signal ERR_L of the D flip-flop 337. 
Next, the operation will be described. 

At the time instant t1 , the voltage V R supplied by the ac voltage source fluctuates as shown in Fig. 50. At the time 
30 instant t2, the inverter output voltage command V CMD2 is reversed from positive polarity to negative polarity 

As long as the carriers for the inverter and converter are 180° out of phase, unless the inequality (12) in the four- 
teenth embodiment is satisfied, even when the polarities of input and output signals are mutually inconsistent, the input 
current originating from the ac voltage source will not grow to be overcurrent. However, when the inequality (1 2) is sat- 
isfied at the time instant t3, if the voltage control circuit 17 fails to cut off the voltage V R , the input current grows to be 
35 overcurrent through the reactor 15. 

When the inequality (12) is satisfied, the voltage difference detector 334 causes the signal VERR to go from low to 
high. 

The comparator 344 determines that the absolute value of the input current exceeds the given value Ixjmt. At the 
time instant t3 in Fig. 50, the output signal 344_out is high. The output signal 343_out goes from low to high at the time 
40 instant t3. 

The conditions under which the voltage control circuit 17 fails to cut off the input voltage V R ; that is, the conditions 
in which the voltage control circuit 17 cannot be turned off are that the polarity of the input current l R is consistent with 
the one of the voltage V R and that the voltage V R supplied by the ac voltage source is of the polarity allowing the input 
current l R to grow. When the polarity of the input current l R is consistent with the one of the voltage V R , the exclusive- 
45 NOR circuit 340 outputs a high-level signal. 

In Fig. 50, the two polarities are mutually consistent. The output signal 340_out is therefore high. The output signal 
338_out of the AND circuit 338 goes from low to high at the time instant t3. 

A rise signal or a signal that goes from low to high is fed to the D flip-flop. This causes the output signal ERR_L to 
go from high to low. The gate circuit 223 effects gate blocking. 
so At the time instant t4, the output voltage 300_out becomes smaller than the value Ixjmt. This causes the output 
signal 344_out of the comparator 344 to go low. The output signal 343_out also goes low. The output signal 338_out is 
therefore driven low. 

At a time instant t5. the input current l R becomes zero. This causes the output signal 306_out of the comparator 
306 to go low. The output signal ERR_L of the D flip-flop is driven high forcibly. The gate blocking is released. The 
55 inverter and converter are restarted. 

According to the foregoing operation, gate blocking is effected to suspend the inverter and converter. Therefore, 
when an absolute value of a difference between the voltage V R supplied by the ac voltage source 7 and the command 
inverter output voltage V CMD2 exceeds the value of the voltage command V CE destined for the capacitor 12, the the 
error detector can effect error detection, and determine whether the input current l R is of the polarity triggering short- 



19 



BNSOOCID: <EP 073O339A2_l_> 



EP 0 730 339 A2 



10 



15 



20 



25 



30 



the input voltage control circuit 17 can be turned oft ^^^'"j^u rMjthg tram excessive input currants 

SSSSsifers 

Seventeenth Embodiment 

Next, the seventeenth embodiment will be £^cribed. analyzing input current flowing from the ac volt- 

in Fig. 51 , 347 denotes an error detector for detecttng an error by W g P ^ q me £ame 

inpul current command . R . 346 denotes a D«p*p, ^^^Tf^^^o, will be omitted, 
the same circuit elements as those ,n the twelfth ^J^T^ ^^2* Ir and input current command l R , output 
Fig. 53 shows the waveforms of. * ^JJ^K tt J Um value circuit 300, output sig- 

sianal 345 out of the current difference detector 345, output si gnai ow 
n2 306 out of the comparator 306. and output signal ERRJ- of the D f hp-flop 346. 

renrXen™ 

to go from high to low. The gate circuit 223 effects oateblod«ng_ comparator 306 then 

the diHeranceUreeo the input current M ,ar* *• ™? S c^cl« -7 can beUrrnert ott. The 

ferance detector 345 oah dated 'x°? m ^£°^j££o but does not grow to be overcurrant, »hich pre- 

l~a^^^ 

essary, stable power inversion can be realized at low cost. 
Eighteenth Embodiment 

Next, the eighteenth embodiment will be described in "Z^^£££ be tween the voltage supplied 
in Fig. 54, 348 denotes a phase difference ^ £ 17 iZ to 105. 1 18 to 120, 223, 335, and 

™erter output vottage command V CMD2 is provided as an equation (13). 
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2 x arcsin {(V CE .)/(V R + V CMD2 )} 
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actually been confirmed that the input current is zero. Therefore, even if excessive input current flows, the stop time of 
the inverter and converter can be minimized. This results in stable power inversion. 

Nineteenth Embodiment 

5 

Next, the nineteenth embodiment will be described in conjunction with the drawings. 

In the configuration of the first or fourth embodiment shown in Fig. 1 or 8, on the assumption that the converter is 
controlled with a high power factor, a current command issued by the converter voltage command generator 100 shall 
be, as shown in Fig. 55, a signal having a sine wave phased with the voltage supplied by the ac voltage source 7. 

10 In part of controlling the input current l R , the current command signal is set to zero around the time instant when 
the input current originating from the ac voltage source have a zero crossing. Around the time instant when the switch- 
ing elements 17a and 17b in the input voltage control circuit 17 are turned on or off, the currents flowing through the 
switching elements 17a and 17b reach zero without fail. The switching elements 1 7a and 17b can therefore be turned 
on or off as specified in a command. Even if an error occurs in the input voltage V R supplied by the ac voltage source 

75 7, the input voltage V R can be cut off reliably. Stable power supply can be realized all the time. 

When thyristors that cannot suppress arcing by themselves are employed for the input voltage control circuit 17, 
the input voltage supplied by the ac voltage source 7 may fluctuate abruptly. In this case, the input voltage is opposite 
in polarity to the inverter output voltage command. If a thyristor cannot be turned on as specified in the command but 
remains on, the input current originating from the ac voltage source grows abruptly. This results in a broken circuit ele- 

20 ment. However, once the current command is set to zero around the time instant when the input current has a zero 
crossing, the currents flowing through the switching elements 17a and 17b in the input voltage control circuit 17 reach 
zero without fail around the time instant when the switching elements 17a and 1 7b are turned on or off. Thus, the above 
drawback can be overcome. 

25 Twentieth Embodiment 

Next, the twentieth embodiment will be described in conjunction with the drawings. 

In Fig. 56, 349 denotes a voltage difference error predictor detector. The voltage difference error predictor detector 
349 detects a difference between the voltage V R supplied by the ac voltage source 7 and inverter output voltage com- 
30 mand V CMD2 . When an inequality (14) is satisfied, the voltage difference error predictor detector 349 outputs a signal 
PRE_ERR. 

|Vr-V CMD2 |>(V ce 0-S (14) 

35 where, V CE . denotes a output voltage command destined for the smoothing capacitor 12, and 5 denotes a voltage pro- 
viding a condition for detection with a tolerance. 

1 to 1 7, 1 00 to 1 05, 1 1 8 to 1 20, and B to D denote the same circuit elements as those in the thirteenth embodiment, 
of which description will be omitted. 

Fig. 57 shows an example of a circuitry of the voltage difference error predictor detector 349. 
40 In Fig. 57, 373 denotes a circuit element that compares an output signal of the absolute value circuit 371 with a 
value resulting from (V CE *) - 6 , and that when the output signal of the absolute value circuit 371 exceeds the value 
resulting from (V CE .) - 6, activates the output signal PRE_ERR. 370 and 371 denote the same circuit elements as those 
in the fourteenth embodiment, of which description will be omitted. 

When the carriers for the inverter and converter are, for example, 180° out of phase, if the input voltage control cir- 
45 cuit 17 is turned on in all domains in Fig. 58, the operable range of the power inverting apparatus is defined with a solid 
line in Fig. 58. 

When an operating domain exists outside a dashed line defined with the voltage 6 in Fig. 8, if the converter voltage 
command generator 1 00 sets the converter input current command to zero, before the operating domain comes off the 
operable range, a switching element in a bidirectional switching circuit can be turned off. Input voltage that is opposite 
so in polarity to the inverter output voltage command can therefore be cut off. 

A state in which input current is likely to grow is detected in advance. When such a state is detected, the current 
flowing through the bidirectional switching circuit is set to zero. Input voltage that is opposite in polarity to the inverter 
output voltage command can therefore be cut off. The inverter output voltage will therefore not stop, which enables the 
power inverting apparatus to operate continuously. Thus, stable power supply can always be realized in a wide range. 

55 

Twenty-first Embodiment 

Next, the twenty-first embodiment will be described in conjunction with the drawings. 
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In Fig. 59, 350 denotes a chopper. 1 to 17, 100 to 105, 118 to 120, 349, and B to D denote the same circuit ele- 
ments as those in the twentieth embodiment, of which description will be omitted. 

When the carriers for the inverter and converter are, for example, 180° out of phase, if the input voltage control cir- 
cuit 17 is turned on in all operating domains in Fig. 60, the operable range of the power inverting apparatus is defined 
5 as an area inside a hatched area in Fig. 60. Similarly to the nineteenth embodiment, when an operating domain is out- 
side a dashed line defined with the tolerance voltage 6 in Fig. 60, the output signal PRE_ERR of the voltage difference 
error predictor detector 349 becomes active. The signal PRE_ERR is then fed to the chopper 350. 

In response to the signal PRE_ERR, the chopper 350 performs boosting to boost the voltage at the smoothing 
capacitor 12 by a given value y. 
10 At this time, the hatched area expands as shown in Fig. 60. The operable range of the power inverting apparatus 
becomes larger accordingly. Only when an error occurs in the voltage supplied by the ac voltage source 7, the voltage 

ctl ii 1X2 Oi i iuuli ill iy ^apav/iiui i c oai i \jkz uuuoicvj vvili iuui V/auon iy li ic uui ivci ici ai m n ivci 101 iw oiw|7. r^t ■ il iwi ■• < ^v»» 

dissipation caused by switching in the inverter and converter can be restricted to an event that an error occurs in input 
voltage. This results in stable power supply all the time. 
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Twenty-second Embodiment 



Next, the twenty-second embodiment will be described. 

A power inverting apparatus of the twenty-second embodiment has the same configuration as that shown in Fig. 
20 36. When the voltage difference error predictor detector 349 detects an error in the voltage supplied by the ac voltage 
source, the output signal PRE_ERR of the voltage difference error predictor detector 349 becomes active, and then 
enters the converter voltage command generator 100. 

When the signal PRE_ERR is fed to the converter voltage command generator 100, the converter voltage com- 
mand generator steps up the dc voltage command destined for the capacitor 1 2 to boost the dc voltage at the capacitor 
25 1 2 by the given value y. 

At this time, the operating domains of the inverter and converter expand by a hatched area in Fig. 60. The operable 
range of the power inverting apparatus becomes larger accordingly. Only when an error occurs in input voltage, the volt- 
age at the smoothing capacitor 12 can be boosted without causing the inverter and converter to stop. An increase in 
power dissipation caused by switching in the inverter and converter can therefore be restricted to an event of an input 
30 voltage error. Furthermore, since a simple circuitry will do, stable power supply can be realized at low cost. 



Twenty-third Embodiment 



Next, the twenty-third embodiment will be described in conjunction with the drawings. 
35 In Fig. 61 , 352 denotes a switch serving as a first switch means. 351 denotes a switch serving as a second switch 
means. 353 denotes a voltage difference error predictor detector for detecting an error under the same conditions as 
those described in claim 22, supplying a switching signal to each of the switching means 351 and 352, and outputting 
an Error Detected signal PRE_ERR to the converter voltage command generator 100. 1 to 17, 100 to 105, 118to 120, 
and B to D denote the same circuit elements as those in the twentieth embodiment, of which description will be omitted. 
40 Fig. 62 shows a circuitry of the voltage difference error predictor detector 353. 

In Fig. 62, 374 denotes a delay circuit. 375 denotes a NOT circuit. 376 denotes a D flip-flop for outputting com- 
mands T351 and T352 destined for the switch means 351 and 352. 370, 371 , and 373 denote the same circuit elements 
as those in the twentieth embodiment, of which description will be omitted. 

When the voltage difference error predictor detector 353 detects an error in ac voltage, the output signal PRE_ERR 
45 of the voltage difference errbr predictor detector 353 becomes active and then enters the converter voltage command 
generator 100. At this time, the commands T351 and T352 destined for the switch means 351 and 352 are turned on 
and off respectively by means of the D flip-flop 376. Thus, bypasses are switched over. 

In response to the signal PRE_ERR, the converter voltage command generator 100 steps up the dc voltage com- 
mand destined for the capacitor 12 to boost the dc voltage at the capacitor 12 by the given value y. 
so At this time, the operating domains of the inverter and converter expand by the hatched area in Fig. 60. The com- 
mands T351 and T352 destined for the switch means 351 and 352 are turned off and on respectively by means of the 
D flip-flop 376. Thus, the output of the inverter is fed to a load. 

When an error is likely to occur in the voltage supplied by the ac voltage source, the bypasses in the output port of 
the inverter are switched over to disconnect the inverter. The converter is thus allowed to operate without any restriction 
55 derived from the presence of the inverter, whereby the voltage at the smoothing capacitor 12 is boosted. The voltage at 
the smoothing capacitor 12 can therefore be boosted quickly. After the voltage at the smoothing capacitor 12 has been 
boosted, the inverter is restarted. This results in stable power supply. 

In the aforesaid first to twenty-third embodiments, each switching element is formed with a single thyristor. Depend- 
ing on the current and voltage ratings for a power inverting apparatus, a plurality of thyristors may be connected in par- 
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allel or series with one another. The number of switching circuits constituting each switch and being connected in series 
with one another may be set to any value. 

An expression described in claims in this specification, for example, "a second switch having the same circuit ele- 
ments as a first switch" does not necessarily stipulate that the number of switching elements or switching circuits con- 
5 nected in series with one another is the same between the first and second switches. 

Claims 

1 . A power inverting apparatus, comprising: 

w a converter means for changing ac voltage supplied by an ac voltage source into dc voltage; 

an inverter means for changing dc voltage provided by said converter means into ac voltage; 
a converter voltage command generator for generating a converter voltage command; 
an inverter voltage command generator for generating an inverter voltage command; 
a carrier generator for generating first and second carriers that are 180° out of phase mutually; and 
T5 a control means for controlling said converter means and said inverter means so as to control pulse-width 

modulation of said converter according to a converter voltage command and a first carrier and to control pulse- 
width modulation of said inverter according to an inverter voltage command signal and a second carrier. 

2. A power inverting apparatus according to claim 4 wherein said converter means and said inverter means include: 
20 a converter consisting of first and second switching circuits connected in series with each other, and having 

a junction between said first and second switching circuits connected to one terminal of said ac voltage source; 
a smoothing capacitor connected in parallel with said converter; 

a selector being connected in parallel with said converter, consisting of third and fourth switching circuits 
connected in series with each other, and having a junction between said third and fourth switching circuits con- 
25 nected to the other terminal of said ac voltage source; and 

an inverter being connected in parallel with said converter, and consisting of fifth and sixth switching circuits 
connected in series with each other. 

3. A power inverting apparatus according to claim 2 wherein: 

30 said carrier generator generates a carrier state signal that is reversed in polarity at a time instant when said 

first and second carriers have a crossing; 
said control means includes: 

a first comparator for comparing a converter voltage command with a first carrier and then outputting a Con- 
verter Compared signal; 

35 a second comparator for comparing an inverter voltage command with a second carrier and then outputting 

an Inverter Compared signal; 

a first zero crossing detector for outputting a converter polarity signal that is reversed in polarity at a time 
instant when a converter voltage command has a zero crossing; 

a second zero crossing detector for outputting an inverter polarity signal that is reversed in polarity at a time 
40 instant when an inverter voltage command has a zero crossing; 

a first exclusive-OR circuit for outputting a converter PWM signal according to a Converter Compared signal 
and a converter polarity signal; 

a second exclusive-OR circuit for outputting an inverter PWM signal according to an Inverter Compared sig- 
nal and an inverter polarity signal; 
45 an AND circuit for calculating the AND of a converter PWM signal and a carrier state signal and then output- 

ting a Converter Operable signal indicating that said converter is operable; 

a third exclusive-OR circuit for outputting a Polarity Consistent/Inconsistent signal indicating that the polari- 
ties of a converter polarity signal and of an inverter polarity signal are mutually consistent or inconsistent by ana- 
lyzing the converter polarity signal and inverter polarity signal; 
so an OR circuit for calculating the OR of an inverter PWM, signal and a carrier state signal, and then outputting 

an Inverter Operable signal indicating that said inverter is operable; 

a first selector for outputting switching signals to said first and second switching circuits by allocating a con- 
verter PWM signal and a carrier state signal according to the polarity of a Polarity Consistent/Inconsistent signal; 
a second selector for outputting switching signals to said third and fourth switching circuits by allocating a 
55 carrier state signal and an inverter polarity signal according to the polarity of a Polarity Consistent/Inconsistent sig- 
nal; and 

a third selector for outputting switching signals to said fifth and sixth switching circuits by allocating an 
inverter PWM signal and an Inverter Operable signal according to the polarity of a Polarity consistent/Inconsistent 
signal. 
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A power inverting apparatus according to claim 2, wherein said control means includes: 

a first comparator for comparing a converter voltage command with a first carrier and then outputting a Con- 
verter Compared signal; 

a second comparator for comparing an inverter voltage command with a second carrier and then outputting 

an Inverter Compared signal; 

a first zero crossing detector for outputting a converter polarity signal that is reversed in polarity at a time 
instant when a converter voltage command has a zero crossing; 

a second zero crossing detector for outputting an inverter polarity signal that is reversed in polarity at a time 
instant when a inverter voltage command has a zero crossing; 

a first exclusive-OR circuit for outputting a converter PWM signal according to a Converter Compared signal 
and a converter polarity signal; 

a second exclusive OR circuit for outputting an inverter PWM signal according to an Inverter Compared sig- 
nal and a inverter polarity signal; 

a reversing circuit for reversing an inverter PWM signal to output an inverter PWM reverse signal; 

an AND circuit for calculating the AND of a converter PWM signal and an inverter PWM reverse signal, and 
then outputting a Converter Operable signal indicating that said converter is operable; 

a third exclusive-OR circuit for outputting a Polarity Consistent/Inconsistent signal indicating that the polari- 
ties of a converter polarity signal and an inverter polarity signal are mutually consistent or inconsistent by analyzing 
the converter polarity signal and inverter polarity signal; 

a first selector for outputting switching signals to said first and second switching circuits by allocating a con- 
verter PWM signal and a carrier state signal according to the polarity of a Polarity Consistent/Inconsistent signal; 

a second selector for outputting switching signals to said third and fourth switching circuits by allocating a 
carrier state signal and an inverter polarity signal according to the polarity of a Polarity Consistent/Inconsistent sig- 
nal; and . ^ 

a third selector for outputting switching signals to said fifth and sixth switching circuits by allocating an 
inverter PWM signal and an Inverter Operable signal according to the polarity of a Polarity consistent/Inconsistent 
signal. 
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